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Abstract 


We  consider  the  reflection  and  transmission  of  electromagnetic  waves 
by  a  special  class  of  curved  dielectric  layers.   The  laj^ers  in  question 
are  bounded  by  two  non-intersecting  confocal  parabolas,  and  between  these 
boundaries,  the  dielectric  constant,  which  may  be  complex,  has  a  special 
form  of  space  dependence.   It  is  found  that  layers  of  this  type  have  striking 
properties.   If  a  plane  wave  is  normally  incident  on  such  a  layer,  from  the 
convex  side,  then  the  reflected  field  can  be  expressed  as  a  product  of  two 
factors.   The  first  factor  is  the  field  which  wo'dd  be  reflected  by  a  con- 
ducting parabola  coincident  with  the  siirface  of  the  layer.   The  second 
factor  has  no  space  dependence;  it  depends  only  upon  the  spacing  of  the 
shell  boundaries,  the  frequency  and  the  special  choice  of  dielectric  con- 
stant.  The  transmitted  wave  has  an  especially  simple  form.   It  is  a  plane 
wave.   The  configuration  thus  has  properties  similar  to  those  of  a  plane 
dielectric  slab.   In  fact,  the  plane  slab  is  a  limiting  case  of  the  geometry 
we  have  described. 
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1,   Introduction 

The  present  paper  is  concerned  vrith  the  analysis  of  the  reflection  and 
transmission  properties  of  a  special  class  of  curved  slabs  of  material. 
The  dielectric  constant  is  space-dependent  in  a  special  way.   The  purpose 
of  the  analysis  is  to  examine  the  s^mce  dependence  of  the  reflected  and 
transmitted  waves.  We  observe  that  the  space  dependence  of  the  reflected 
and  transmitted  waves  due  to  a  plane  slab,  whose  index  varies  in  the  direction 
perpendicular  to  a  face,  is  very  simple  and  well  knownj  while  the  dependence 
on  frequency,  slab  thickness  and  slab  material  is  elementary  only  for  special 
casrs-,  si:ch  as  the  case  of  a  constant  index  of  refraction'-. -i  ,  The  principal 
result  of  our  analysis,  which  is  stated  in  the  abstract^ expresses  an  analogy 
between  the  curved  slab  we  treat  and  plane  slab.   For  the  class  of  parabolic 
slabs  which  we  consider,  the  space  dependence  of  the  rigorous  solution  is 
particularly  simple,  while  the  dependence  on  the  frequency,  material  and 
tMckness  is  not  easily  analyzable  except  in  special  cases:  no  such  analysis 
is  given  here. 

A  brief  description  of  the  slabs  we  consider  and  of  the  results  we  obtain 
is  given  in  the  abstract  which  precedes  thj.s  work.  In  Section  2  we  give 
a  fuller  description  of  the  class  of  slabs  to  be  treated.  This  class  of 
slabs  should  be  thought  of  as  intermediate  in  simplicity  between  the  class 
of  plane  slabs  and  that  of  circular  shells  or  layers  of  matter.  The  latter 
class  of  geometries  presents  analytical  difficulties  of  the  tvpe  already 
familiar  in  the  case  of  diffraction  or  reflection  from  perfectly  conducting 
circular  cylinders.  The  parabolic  slabs  which  we  consider  offer  the  same 


'Although  the  solution  can  be  obtained  in  the  form  of  an  infinite  series, 
special  techniques  are  required  for  its  summation  unless  the  radius  is 
sufficiently  small. 


sort  of  simplif-'Cc'tion  as  ensues  in   the  theory  of  diffraction,  as  a  result 
of  the  transition  ''ropi  a  conducting  circular  cylinder  to  a  conducting  par- 
abolic cylinder.  The  solution  for  reflection  of  an  axiPlly  incit:ent  wave 
by  a  conducting  parabolic  cylinder  has  been  determined  in  closed  form  by 
Lamb'--'.  The  present  analysis  involves  a  procedure  similar  to  that  employed 
b-"-  Lamb,  and  vielas  s    correspondingly  simple  result. 

The  plan  of  our  paper  is  as  follcn-rs.   The  description  of  the  problem  is 
to  be  found  in  Section  2(a) .  A  reformulation  in  parabolic  coordinates,  and 
the  fnal  solution  is  given  in  Section  2(b).  Section  3  is  devoted  to  a 
discussion  of  the  results.   The  results  are  interpret^^d  in  Section  3(a), 
and  compared  wjth  the  results  for  a  plane  slab  in  Section  3(b).  There  we 
also  discuss  the  transition  to  a  plana  slab.   In  Section  3(c)  we  noint  out 
an  open  question:   at  a  given  frequency  can  there  exist  a  reflectionless 
curved  slab  of  the  class  we  consider?  This  is  possible  for  a  plane  slab, 
of  course  (see  [2j  ,  p.  5l3-lli) «   The  special  usefulness  of  such  a  putative  re- 
flectionless curved  slab  is  discussed.  Ir  Section  3(d)  we  discuss  various 
extensions  and  applications  of  the  layer  distributions  envisioned  in  the 
present  paper.  As  we  noted  in  the  abstract,  when  a  plane  wave  is  incident 
normally  on  a  curved  slab  of  the  class  we  described,  the  transmitted  wave 
is  rigorously  plane.  Since  this  property  may  be  useful  in  connection  viith 
radome  theory  and/or  practice,  a  question  is  raised,  but  not  answered,  as  to 
the  sensitivity  of  the  effect  to  small  deviations  from  normal  incidence. 
Still  other  extensions,  applications  and  unsolved  questions,  which  are  mentioned 
briefly  in  Section  3(d),  will  be  omitted  in  this  introduction  except  that  we 
wish  to  emphasize  here  that  the  present  results  are  purely  two-dimensional 
and  refer  to  a  special  polarization.  Although  the  corresponding  scalar  problem 
for  a  body  of  revolution  can  be  easily  worked  on  the  lines  of  the  present  paper, 
this  doesn't  seem  to  be  the  case  for  the  vector  problem. 
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2.   Analysis 

a)  Description  of  the  problem 

We  consider  the  two-dimensional  problem  of  the  reflection  and  trans- 
mission of  a  plane  electromagnetic  wave  by  a  curved  layer  of  material  with 
a  real  or  complex  dielectric  constant.  The  layer  (see  Figure  1)  is  con- 
fined between  two  confocal  parabolas,  whose  focus  is  the  origin  of  a 
rectangular  cartesian  xy  coordinate  system.  The  axis  of  symmetry  is  the 
X-axis.   The  respective  par^abolas  are  given  by  the  equations 

2 

(la)  X  »  '^ — ^    -  n^ 


» 


2 
(lb)  X  =  1~~>^     -71^ 

h\j  o 

The  entire  electric  field  E  has  only  a  z  component  E^  =  u(x,y).  On  either 
side  of  the  layer  we  have  free  space.  The  propagation  constant  is 

(2)  k  =  ^ 

A, 

where  'K  ±s   the  wave  length,  so  that  outside  the  layer  we  have  the  equation 

(3)  2^  u  +  k  u  =  0 

We  assume  a  time  dependence  exp(-icot),  with  co  =  kc,  where  c  is  the  velocity 
of  light. 

Within  the  layer,  the  medium  differs  from  free  space.  The  assumption  on 
which  our  analysis  is  based  consists  in  postulating  that  within  the  layer  we 
have 


(h)  A  u 


P   F(\/r  sin^jk; 

k'^ ._± 

r 


u  =  0  . 


Notice  that  in  (k)   the  function  F  is  an  arbitrary  function  of  its  argtiments, 
so  that  it  may  be  taken  to  be  complex,  if  desired,  and  to  have  any  physically 
admissible  frequency  dependence.  In  the  sbove .equation,  r,©  are  the  usual  polar 


-  h 


coordinates,    and 


(~) 


X  =  rcosS;  y  =  rsin9;   0  <  0  <  2n 


If  the  function  F  is  bounded  inside  the  layer  then  the  index  of  refraction 

of  the  layer  will  tend  towards  that  of  free  space  as  the  distance  from  the 

nose  of  the  layer  is  increased.  Some  special  realizations  of  the  function 

F  are 

(6)  F  =  C(k)  ,   independent  of  r,Q  , 

and 

(7) 


F  =  C(k)  (/?sin|)^  . 


Since  the  index  of  refraction  of  the  layer  corresponding  to  (h)   is 


vl-(F/k  r)  ,  it  is  easily  seen  that  ,  for  the  special  me>.iiim  assumed  in 
(6)  the  index  will  vary  along  the  axis  of  the  layer.  On  the  other  hand, 

the  index  of  refraction  corresponding  to  equation  (7),  is  constant  along 

2        2 
the  axis  of  the  layer,  i.e.  along  the  line  ft  -  n,  '^   <  r  <  tj   ,  It  should 

be  noticed  that  in  both  cases  (6)  and  (7)  the  index  tends  toward  unjfty  as 

we  recede  to  infinity  within  the  range. 


FREE    SPACE 


(x,y) 


9=  0 
0  =  27r 


FREE   SPACE 


figure  1. 
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A  plane  wave  is  incideat  upon  the  configuration  described  above.      The 
incident  plane  wave  travels  along  the  positive  x-axis  and  is  represented  by 
the   equation 

,o^  tr-inc  ik(x-ct)  ikx        ^-i'-^t 

(8)  E  =  u.        =  e     ^  =  e         •    e  , 

z  inc. 

The  time  dependence  expC-iwt)  will  be  suppressed  in  what  follows.  The 
incident  field  is  partly  reflected  and  partly  transmitted  by  the  layer, 
and  we  wish  to  obtain  the  total  field 

, ^.  lac        ,       incv    inc  resp. 

(9)  u  =  u    +  (u-u   )  =  u   +u 

in  the  presence  of  the  layer.   At  large  distances  from  the  nose  the  response 
field  is  required  to  be  outgoing.   In  addition,  the  total  field  is  required 
to  be  continuous  together  with  its  derivatives,  across  the  parabolas  bounding 
the  layer,  and  regular  everywhere  else. 

^■'  ^^^^^^^"'Qti^sl  formulation  iu  parabolic  coordinates,  and  solution 
In  order  to  treat  our  problem  conveniently,  we  introduce  a  substitution 
employed  by  Lamb'-  ■',  in  his  discussion  of  the  reflection  of  a  plane  wave  by 
a  perfectly  conducting  parabolic  cylinder.  We  introduce  a  new  dependent 
variable  v,  and  new  independent  variables  4  and  7J  (parabolic  coordinates) 
in  accordance  with  the  equations 

(10)  u(x,y)   =  e^^^v(4,7i)   , 

^  =     \/r  cosw-  ,     ^  =     "/F  sin»-  \   -  qd    <  ^  <  oo    ;0<7j_    <oo, 

X  =  C^- ^^     ,      y  =  24  TJ    . 

Then  it  is  easily  shown  that  our  problem  ccn  be  expressed  in  terms  of  the 
following  equations: 


^11)      v,^+  V       +l4ikri,v^-  riv    1    =  C,   for   ri>ri-,,  and  also  f or  0  <  ?i  <  7j 
'^^'      \5^  '''?'Z   -"^-^pV^^  ]   "  P^^^  )v  =  0  ,   for    n^  <>l  <>Z.i   . 


(13) 


■pi     V]        =      ""^^^     ^O^^       *       V(?^>l\-)        =      ^(s,^;^^)  , 


vrhere 

(15)  P^(>l)    =P^(n,k)    =aF(71,k)    J    n  =  y?~     sin(gA)      . 

Equation   (12)    holds  inside  the  layer j   equation   (ll)    holds  outside  the  layer, 

while    (13)   and   (li|)    express  the  transition  conditioixs  across  the  boundaries 

inc 
of  the  layer.     In  addition  we  require  t*Ht  the  response  field,   u-u  Kg 

outgoing.     Since  u         =  expdkx),   u  =  v  expdkx)  we  require  that 

inc         ikxr     ,-1 
u-u         =  e        L'^-IJ 

be  outgoing.  Also,  we  liave  to  require  the  regularity  of  it  and  its  derivatives 

except  at  the  boundaries  of  the  layer.  Tt  is  clear  that  these  requirements 

can  be  satisfied  by  a  f miction  v  v;hich  is  independent  of  C»   If  we  introduce 

this  simplification  into  the  equations,  tliey  become  ordinarj'-  differential 

equations.  In  fact,  (ll)  is  then  solvable  in  terms  of  5''resnel  integrals. 

Its  general  solution  is 

(16)  V  =  C  +  D  I    J  [exp(2ikr)]  y/T  Idr 


The  requirement  that  u  =  e   v  be  a  regular  function  of  (x,y)  serves 
to  simolify  the  solution  considerably  in  the  range  0  <  >x  <  ^  ,  since  dj^ 

°     ay 

is  singular  at  y  =  0,  0  <  x  <  00  .  In  fact,  since 


-  7 


,,„v  3u  ±kx  dv        r  ikx  dv  "1    37^ 

and  since  5—  is  singular,    the  requirement  of  regularity  implies,    in  view 
of   (16)   and    (17)   that 

(1"^)  v  =  T  forO<?^<?2 

where  T  is  a  constant  to  be  determined.  The  transmitted  field  therefore 
has  the  particularly  simple  form 

(19)  u  =  Te^^  0  <  7^  <  >t  0  ' 

and  it  represents  an  outgoing  wave  as  is  required  by  physical  considerations. 

On  the  other  hand,   in  the  region  7J  >')^    ,   the  4  independent   solution 
of  (11)   automatically  leads  to  a  regular  function  v(x,y) .     In  this  region 
the  decisive  reqiiireraent  is  that  the  field  be  composed  of  the  given  incident 
wave  pltis  an  outgoing  wave.     The  appropriate  solution  of   (ll) ,    [cf .  equation   (16)J 
turns  out  to  be 

R  r     p2ikr 

(20).  ^"^-f       2         "^^  ■^>^1   . 

Then  the  complete  solution,    for     ■>i>>2,  "has  the  :^orm 

00 
(21)       u  =  e         "  2"  ®  - dr  ^°^     ^  >  ^  ]_     • 

Here  B  is  a  constant  to  be  determined.  Notice  that  at  infinity,  in  the 

inc 

region  presently  considered  we  have  ?^  >  oo  .  Then  u  -  u    ,  as  it 

should.  Furthermore,  if  we  expand  the  second  term  of  (21)  for  large   , 
by  integration  by  parts,  we  find  that 


8  - 


ikr 
(22)      u  -  u^"'^  ^  +  j^   ? CSC  I  ,   for  >^  ^  oo   . 

in'' 
Consequently,  we  see  that  the  response,  u  -  u    ,  behaves  like  an  outgoing 

cylindrical  vrgve  in  the  region  \  >  ■>!.  ^  ,  as  we  required  originally. 

We  now  turn  to  a  discussion  of  the  field  inside  the  layer  i.e.  in  the 

region  yj     <    ri   <  t^  ,     In  this  region,  the  field  is  governed  by  (12),  which, 

when  V  is  independent  of  4,  becomes  the  follo'ving  ordinary  differential 

eqwation: 

2 

where  p  (  7^  )  =  h?[yi,k),    ("of.  equation  (15)J.  Now  let  w(  t^  )  be  the 
solution  of  (23)  which  satisfies  the  initial  conditions 

(2)i)  w(72^)  =  1  ,   w'(7Z^)  -  0  . 

Then  equations  (13),  (D-i),  (18)  and  (2li)  imply  that 

(2-^)  v(>^)  =  Tw(?^)  7?o  1  >Z  1  ^1  • 

To  complete  our  solution  we  have  to  apply  x.he  transition  conditions  (13''  and 

(I'i)  at  the  surface  "7?  =  ^^,   and  thereby  determine  the  constants  T  and  B 

(which  occur  in  (Ifi),  (20)  and  (25).   The  continuity  of  v  [see  (13)]  implies 

that 

p   /°°   2iknr 

(26)  1  -  J- dT  =  Tw(7Z^)   , 

\2   V^ 

1 

while  the  continuity  of  v_  [see  (iLi)]  implies  that 
^^^^  Be^^^^^  =  Tw'(7l^) 
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(26)  and  (2?)  are  the  equations  used  to  determine  the  constants  B  and  T. 
Of  course  these  constants  may  depend  upon  k,  7^  and  't-t  i  ^^^Y  ^i^e  con- 
stant with  respect  to  the  space  coordinates. 

We  shall  now  show  that  (26)  and  (27)  are  always  solvable.  We  assume 

Fiv     k) 
at  this  point  that  the  layer,  as  expressed  by  the  function  -    ''  * —  , 

contains  no  soui-ces,  (  Note  that  the  function  —  is  infinite  only  at  r  =  0, 

r  J  J 

which  is  outside  the  layer.  )  It  follows  that  there  can  be  no  outgoing 
solution  of  our  problem  without  an  incident  field.  But  just  such  a  non- 
trivial  solution  could  be  exhibited  in  the  form 

CD        ^  ■  ,   ^ 

P     r      g2ikr 
V  =  -  X-  dT  'n>  n. 


V  =  T^vi-ri)  -ri^>     •7l>   71^ 


v  =  T^  _  >Zo>n>o 


ikx 

e       V 


provided  that  the  transition  conditions  are  satisfied,    i.e.    that  we  can 
find  non-trivial  B^    and  T^    satisfying  the  homogeneous  linear  equation 


(28)  _  B^ 


2    ; 


00 

r        2ikr 

2     ^— r- dr=  Tw(>i  ) 


\ 


e-  k  n  -, 
(29)  B^  e  -^     =  T  w«(?t    ) 


Our  restriction  to  a  non-radiating  layer  mstkes  this  impossible;  hence,  the 
determinant  of  (2fl)  and  (29)  is  not  zero.  But  these  equations  have  thp 
same  determinant  as  (26)  and  (2?).  Therefore  (26)  and  (27)  are  solvable. 
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The  values   of  the  con;itantG   B  and  T  of  (26)    and   (2?)   are  given  by  the 
followimg  fcrraulas: 


(30) 


0  oj    '        1 


oo     2ik?r 
if' 


Of  course,  the  solution  as  it  stands  is,  necessarily,  not  explicit  since  it 
depends  on  tie  choice  of  p  (^J.)  =  ljF(7^,k),  and  also  on  the  function  w(>7,) 
which  is  the  solution  of  the  initial  value  problem 

(31)  w"  -  i4ik->^;j'  -  p^(?^)v  '=  0      ni^Tl>-no 


vin    )  =  1;  w'(  >7  )  =  0. 
«-  o  *■  o 


2 
If  we  choose  p  (t^  )'  to  be  either  constant  or  quadratic  in  7^  ,  the  solution 

may  be  expressed  in  terms  of  confluent  hyper-geometric  functions,  which  are, 
however,  not  conveniently  tabulated  for  the  present  piorpose.  It  seems  best, 
at  this  point,  to  leave  the  choice  of  p  (?|)  to  the  radome  designer  or  inves- 
tigator. But  it  should  be  noted  that  it  is  possible  to  generate  solvable 

cases  at  will  by  selecting  the  function  v{ri)   a   priori  and  then  substituting 

^         • 

Into  (31)  and  solving  for  p  (t^).  Of  course,  the  resulting  k  dependence  must 
be  required  to  be  of  a  physically  realizable  kind. 
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3»  Discussion  and  conclusions 

a)  Formulation  artd  interpretation  of  the  principal  result 
Although  v;e  do  not  investigate,  in  this  paper,  the  detailed  form  of  the 
constants  T  and  B,  we  are  still  able  to  draw  some  general  conclusions  with 
respect  to  any  layer  of  the  class  ve   have  considered.  In  fact  (l9)  and 
(2C)  represent  simple  formulas  for  the  space  dependence  of  the  reflected 
and  transmitted  field. 

In  order  to  interpret  the  field  in  front  of  the  layer  [  see  (21)  ],  note 
that  if  we  were  to  remove  the  la.yer,  and  replace  it  by  a  perfectly  conducting 
parabolic  cylinder  at  7^=  yi    ,   while  retaining  the  same  incident  wave,  the  com- 
plete solution  [l] ,  which  we  shall  call  u,  would  be 

•^  oo   ik  ^   \ 
(32)  u  =  (1  -|  j    ^_dr)  e^^     71>7Z^ 


'n 


2     /F  / 


B  _       

2  -   ,00   2ik:r 

^ dt 

^2    /F 


It  is  easily  verified  that  u,  as  given  in  (32),  vanishes  on  the  conductor 
^1=  y?  .     We  can  therefore  introduce 

0 


/--\  ~        ~    ikx 

(33)  n^^^l  =  u  -  u.^^  =  u  -  e 


and  then  our  solution,  for  ■^>  ^-, ,  as  given  by  (2l)  can  be  rewritten  as 
follows: 


r 


(33) 


u  =  u.    -  R  u  „, 
inc     refl 

-R   =  B/B 
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This  means  that  the  reflected  field  for  our  curved  slab  is  a  product  of 

two  factors.   The  first  factor,  ~^,    i?   a  function  of  the  frequency,  the 

geometry,  and  the  nature  of  the  material  in  the  slab.   This  factor  has 

no  space  dependence.  VJe  call  the  number  R  the  reflection  coefficient. 

The  second  factor  u  „,  is  just  the  field  tfiat  wou]d  be  reflected  if  tl-e 

refl 

back  of  the  layer  were  silvered  and  then  the  layer  itself  removed.  It  is 
therefore  space  dependent,  but  does  not  depend  on  the  material  of  the 
layer. 

Let  us  now  examine  the  transmitted  field  bshind  the  layer,  i.e. 
the  field  in  the  region  7^  >  >2  >  0.  This  field  is  given  by 

(19)  u  =  T  e  '"^  "^0  -^  -°  • 

Of  course,  it  is  interpretable  as  a  plane  transmitted  wave,  and  it  is 
appropriate  to  call  T  the  transmission  coefficient.  like  R,  the  co- 
efficient T  depends  solely  on  the  frequencey,  the  material  of  the 
parabolic  slab,  and  also  on  its  nose  curvature  and  thickness.  Thus  T 
depends  on  the  function  Firi  ,V:)    and  upon  k,'>2,  and  Tj  .   (See  Figure  2 
below  for  a  schematic  representation  of  the  results  of  this  paragraph.) 

b)  Comparison  ^vith  a  plane  slab 

It  is  instructive  to  compare  the  solution  we  have  obtained  in  this 
paper  with  the  solution  for  a  plane  slab.  The  behavior  of  tlie  reflected 
and  transmitted  field  which  we  have  described  above  is  analogous  to  the 
behavior  of  the  fields  reflected  and  transmitted  by  a  straight  slab 

perpendicular  to  tte  x-axis,  due  to  the  incidence  of  the  wave  E  =  e"""^  =  u^"*^. 

z 

The  plane  slab  may  be  allowed  to  have  an  index  of  refraction  which  depends 
upon  X,  and  \;q)on  frequency,  and  which  may  be  complex.  For  both  the  plane  and 
curved  slabs,  the  transmitted  field  is  given  by  the  incident  field  multiplied 
by  a  transmission  coefficient.  In  both  cases  the  reflected  field  is  the 


12a  - 


A 


UJ 

Q 

O 


Fig-ore  2. 
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product  of  a  space  independent  but  slab  dependent  reflection  coefficient 
and  the  field  which  would  be  reflected  if  the  back  surface  of  the  slab  were 
•silvered  and  then  the  slab  removed.  Of  course,  the  space  dependent  factor 
of  the  reflected  field  for  a  slab  is  itself  a  plane  wave,  while  for  the 
parabolic  slab  the  space  dependent  factor  is  a  cvlindrical  wpve.  Inside 
either  slab  the  field  is  of  the  form 

ikx 
u  =  e   V 

v/here  v  obevs  a  certain- second  order  differential  equation.  The  equations 

inside  the  slab  for  plane  and  curved  slabs  respectively,  are  quite  similisr 

in  form.  In  fact,  if  we  replace  ?2  bv  a  constant  in  (31)  we  get  an 

equation  which  has  the  same  form  as  that  which  occurs  for  a  plane  slab. 

It  is  interesting  to  note  that  the  curved  slab  becomes  more  and  more  plane 

as  we  increase  7)     and  t^  -,      i^hile  maintaining  a  finite  nose  thickness  d. 

2    2 
Here  d  =  ^i  -^-^   *     ^^us  the  plane  slab  is  a  limiting  case  of  the  parabolic 

slab.  It  follows  that  the  reflection  coefficient  for  the  curved  slab 
ought  to  aporoach  the  reflection  coefficient  for  the  corresponding  plane 
slab  if  we  let  >Z^  -  00  ,  ^  ^  -  "o  ,  and  >?^  -  >?^  -  d.  The  present 
writer  has  verified  this  limiting  behavior  in  the  case  of  the  choice  of 
index  corresponding  to  either 

2, 


a)  F(7z)  =-£-T^    -  {d^nl){k^'kl 


) 


2 


Here  k^  is  a  constant,  and  a)  and  b)  correspond  to  the  functions  given 

k 
in  (6)  and  (7)  above.  In  case  b)  the  index  is  exactly  »--  along  the  axis 

of  symmetry.   The  procedure  employed  for  studying  the  limiting  case  will 

now  be  outlined. 


Ih  - 


First  notice  that  if  7^   is  large,  the  original  equation  (.'4) 


approximates  to 


p-(k^.k^)lu  =  u^ 


•u       +  u       +    |k"-(k"-k!:}|u  =  u       +  u       +  k^u  =  0 
xxyyl  IJ  xxyyl 


in  the  interior  of  the  curved  slab,  near  the  nose.  Thus,  the  curved 

slab  approximates  to  a  straight  slab  of  thickness  d  and  of  index 

(k^/k),  lying  between  the  planes  x  =  -^l,    and  x  =  -Tl      .  If  we 

Introduce  the  new  variable 

2    2 


where 

2    2 

in  (31)  we  can  solve  this  equation  by  perturbation  theory,  using  an 

p 
expansion  in  inverse  powers  of  "^   •  The  limiting  result  is  that  the 

reflection  coefficient  is  found  to  be  "^ust  the  reflection  coefficient 
for  a  plane  slab  of  index  I  r- J  and  thickness  d.   Higher  order  approx- 
imations can  be  carried  out,  but  this  is  outside  the  scope  of  the 
present  paper.  Here,  we  must  content  ourselves  with  noting  the  poss- 
ibility of  obtaining,  by  this  means,  approximate  results  which  would 
express  the  reflection  coefficients  for  the  curved  slab  of  our  type  in 
temis  of  its  planR  counterpart, 

c)  An  open  question,  and  possible  application  of  its  resolution 

It  would  be  interesting  to  know  the  extent  to  wvich  we  can  make 
R  small  or  zero,  by  proper  choice  of  7^  >>li>  k  and  F(72,k).  (This  is 
known  to  be  possible  for  a  plane  slab.)  The  reason  for  our  question 
is  the  following.  We  have  already  seen  that  our  curved  slab  always  trans- 
mits a  pure  plane  wave,  but  reflects  a  cvlindricsl  wave.  If  we  could 
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make  R  =  0,  then  we  coxild  reverse  the  i^rocess,  so  that  a  plane  wave  e 
originating  in  the  interior  of  the  parabola  would  emerge  as  a  plane  wave. 
The  properties  already  demonstrated  would  seem  to  be  useful  in  connection 
with  radomes.   Hence  the  usef\ilness  of  the  layer  would  be  greatly  enhanced 
if  we  could  ensure  R  =  0,  i.e.,  \indistorted  emergence. 

d)  Extensions,  applj.cations  and  related  open  questions 

The  analysis  we  have  given  above  easily  extends  to  cover  the  case 
of  several  parabolic  slabs.   It  can  be  shown  that  the  results  obtained 
in  Section  2  as  to  the  nature  of  the  reflected  and  transmitted  wave  re- 
main unchanged.  Another  modification  is  to  make  the  index  behind  the 
layer  different  from  free  space.  In  particular,  we  can  consider  the 
case  of  an  infinitely  conducting  inner  region.  This  means  a  perfect 
conductor  at  ^^  =  72   •  The  problem  can  then  be  solved  in  the  same 
manner,  and  the  reflected  field  is  of  the  same  nature.  This  analysis  lias 
been  carried  out  by  the  author  in  connection  with  the  analysis  of  the 
effect^upon  back  scattering,  of  a  layer  of  ionized  matter  contained  be- 
tween a  shock  front  and  a  conductor. 

Another  application  of  the  present  theory  is  to  the  theoretical  assessment 
of  radomes.   The  advantage  of  the  configuration  here  treated  is  that,  unlike  the 
solution  for  the  case  of  two  concentric  circularly  cylindrical  boundaries,  the 
solution  is  simple  to  handle,  and  refers  to  a  geometry  in  which  there  is  no 
back  reflection  from  an  interior  source.  Application  of  the  reciprocity  theorem 
leads  to  the  result  that  the  transmitted  far  field  amplitude  in  the  direction 
e  »  n,  due  to  a  line  source  anywhere  inside  the  radome  (t^^  >^>  O) ,  is  constant 
in  absolute  value  and  equal  to  |t|.   This  result  may  be  applicarble  to  radomes 
of  character  other  than  the  one  considered  here,  provided  the  source  is  on  the 
axis  of  symmetiy,  and  the  frequency  high  enough.  The  furtlier  experimental  and 
theoretical  analysis  of  this  geometry  may  be  of  more  than  academic  interest. 
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Tre   reader  is  invited  to  note  that  the  results  given  here  have  been 
two  dimensional,  and  are  restricted  to  a  particular  polarization.  The 
general  three  dimensional  vector  problem,  for  a  slab  or  for  a  shell  in 
the  form  of  a  paraboloid  of  revolution  has  not  been  treated  here.   In 
addition,  notice  that  there  is  an  open  question  as  to  the  stability  of 
the  results  we  have  obtained.  By  stability  we  mean  sensitivity  to  crangee- 
of  angle  of  incidence.  Doubtless  the  transmitted  wave  is  no  longer  a  plane 
wave  in  our  configuration,  if  the  angle  of  incidence  is  varied  even  slightly 
But  it  may  be  that,  by  proper  choice  of  index  of  refraction  one  can  ensure 
that  the  deviation  from  a  plane  wave  can  be  made  small,  or  even  to  vanish 
to  first  order. 
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Electronics  Communication,  Inc. 
1830  York  Road 
Timonlum,  Maryland 

Emerson  and  Cuming,  Inc. 
869  Washington  Street 
Canton,  Mass. 
Attn:  Mr.  W.  Cuming 

Emerson  Electric  Mfg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.R.  Breslin,  Librarian 

Sylvania  Elec.  Prod.  Inc. 
Electronic  Defense  Laboratory 
P.O.  Box  205  -  (Unci) 
Mountain  View,  California 
Attn:  Library 

Falrchild  Aircraft  Division 
Falrchild  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

Farnsworth  Electronics  Company 
3700  East  Pontiac  Street 
Fort  Wayne  1,  Indiana 
Attn:  Technical  Library 

Federal  Telecommunication  Labs, 
500  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

The  Gabriel  Electronic! 
Division  of  the  Gabriel  Company 
135  Crescent  Road 
Needham  Heights  9lt,  Mass. 
Attn:  Mr.  Steven  Galagan 


General  Precision  Laboratory,  Inc. 

63  Bedford  Road 

Pleasantvllle,  New  York 

Attn:   Mrs.  Mary  G.  Herbst,  Librarian 

Goodyear  Aircraft  Corp. 

1210  Massillon  Road 

Akron  15,  Ohio 

Attn:     Library  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Gray,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Halllcrafters  Company 

UUOl  West   5th  Avenue 

Chicago  2lj,  Illinois 

Attn:  La Verne  LaGloia,  Librarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Microwave  Laboratory 
Building  12,  Room  2617 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn:  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
75  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lola  Seulowitz 
Technical  Librarian 

International  Business  Machines  Corp. 

Hllitary  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  Mr.  C.F.  McElwain,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn:  Mr.  D.  I.  Harr,  Librarian 
Department  1j59 

International  Resistance  Company 
liOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N.  W. 
Washington  7,  D.  C. 
Attn:  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jaslk,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corooratlon 
711  Ibth  Sti'eet,  N.  W. 
Washington  5,  D.  C. 


Lockheed  Aircraft  Corporation 

2555  N.   Hollywood  Way 

Caliromla  Division  Engineering  Library 

Departrr.ent  72-75,    Plant  A-1,   Bldg.  63-1 

Purbank,   California 

Attni     N.  C.   Harnois 

The  Martin  Company 

P.  0.   Box  179 

Denver  1,  Colorado 

Attn:  Mr.  Jack  McCormick 

The  Glenn  L.  Martin  Company 
Baltimore  3,  Maryland 
Attni  Engineering  Library 
Antenna  Design  Group 

Maryland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Park,  Maryland 
Attn:  Mr.  H.  Warren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W.  L.  Maiscn  Corporation 

U60  West  3Uth  Street 

New  York,  N.  T. 

Attn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Sadnt-Louis  Municipal  Airport 

Box  516,  St.  Louis  3,  Missouri 

Attn:  R.  D.  Detrlch,  Engineering  Library 

McMillan  Laboratory,  Inc. 

Brownville  Avenue 

Ipswich,  Massachusetts 

Attn:  Security  Officer.  Document  Room 

Melpar,  Inc.  (2> 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

Attn:  Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,  Massachusetts 
Attn:  N.  Tucker,  General  Manager 

Microwave  Raiiation  Company  Inc. 

19223  South  Hamilton  Street 

Garden*,  California 

Attn:  Mr.  Morris  J.  Ehrlich,  President 

Chance  Tought  Aircraft,  Ino. 
9311i  West  Jefferson  Street 
Dallas,  Texas 
Attn:  Mr.  H.  S.  White,  Librarian 

Northrop  Aircraft,  Inc. 
Hawthorne,  California 

Attn:  Mr.  E.  A.  Freitas,  Library  Dept31U5 
1001  E.  Broadway 

ReminKton  Rand  Univ.  -  Division  of  Sperrv 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pennsylvania 
Attn:  Mr.  John  F.  McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,    Inc. 
1221U  Lakewood  Boulevard 
Downey,   Califoniia 
Attn:     Engineering  Library  li95-115 

North  American  Aviation,    Inc. 
Los  Angeles  International  Airport 
Los  Alleles  Ij5,   California 
Attn:     Engineering  Technical  File 

Page  Communications  Engineers,    Inc. 
710  Fourteenth  Street,   Northwest 
Washington  5,   D.  C. 
Attn:     Librarian 

Phllco  Corporation  Research  Division 

Branch  Library 

UyOO  Wlssachickon  Avenue 

Philadelphia  Ui,    Pa. 

Attn:     Mrs.  Dorothy  S.  Collins 


Plckard  and  Sums,    Inc. 

2I4O  Highland  Avenue 

Needhan  9b,   Masa. 

Attn:     Dr.   J.  T.  DeBettencourt 

Polytechnic  Research  and  Development 

Company,  Inc. 

202  Tillary  Street 

Brooklyn  1,  New  York 

Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Haynard,  Mass. 
Attn:  Dr.  John  Ruze 

Radiation,  Inc. 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn:  Technical  Library,  Mr.  H.L.  Cox 


Radio  Corp.  of  America 
RCA  Laboratories 
Rocky  Point,  New  York 
Attn:   P.  S.  Carter,  Lab. 


Library 


RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attn:  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Pro  ^ucts 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organization 

of  Chief  Technical 

Administrator 

The  Ramo-Wooldridge  Corporation 
P.".  Box  Ij5Ii53  Airport  Station 
Los  Angeles  )i5,    California 
Attn:     Margaret  C.  Whitnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,   Harvland 

Director,    USAF  Project  RAND 

Vlai     Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,    California 

Rantec  Corporation 

Calabasas,   California 

Attn:     Grace  Keener,   Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,    Mass. 
Attn:     Mr.    Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory,    State  Road 
Wavland,   Mass. 
Attn:     Mr.  Robert  Borts 

Raytheon  Manufacturing  Comr«ny 
Wayland  Laboratory 
Wayland,   Mass. 

Attn:     Miss  Alice  0.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farralngdale,   Long  Island,   N.  Y. 
Attn:     Engineering  Library 

Thru:     Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farmingdale,   Long  Island,   N.Y. 

Rheem  Manufacturing  Company 
9236  East  Hall  Road 
Downey,   California 
Attn:     J.  C.   Joerger 

Trana-Tech,   Inc. 
P.  0.  Box  3W 
Frederick,   Maryland 


Ryan  Aeronautical  Comr^nv 
Lindbergh  Field 
San  Diego  12,   Califonvia 
Attn:      Librar-/  -  unclassified 

3age  Laboratories 
159  Llrvien  Street 
Wellesley  fll,  Mass. 

Sanders  Associates 
95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  N.  R.  Wild,  Library 

Sandia  Corporation,  Sandia  Base 

".0.  Sox  5''00,  Albuiuerque,  ^iew  Mexico 

Attn:  Classified  Document  Divi3i->n 

Sperry  Gyroscope  Company 

Great  Neck,  Long  Island,  New  York 

Attn:     Florence  W.  Tumbull,   Engr.  Librarian 

Stanford  "Research  Institute 

Menlo  Park,   California 

Attn:     Library,   Engineering  Division 

Sylvania  Electric  Products,    Inc. 
100  "irst  Avenue 
Waltha-i  5li,   Mass. 

Attn:     Charles  A.  Thornhlll,   Report  librarian 
Walthan  Laboratories  library 

Systems  Laboratories  Corporation 
lli''52   '/entura  Boulevard 
Sherman  Oaks,   California 
Attn:     Donald  L.  Margerum 

TRG,  Inc. 

17  Union  Square  West 

New  York  3,  N.  Y. 

Attn:  H.  L.  Henderson,  Librarian 

A.  S.  Thomas,  Inc. 

161  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 

Chu  Associates 
P.  0,  Box  3°7 
Whitcomb  Avenue 
Littleton,  Mass. 

Microwave  Associates,  Inc. 
Burlington,  Mass. 

Raytheon  Manufacturing  Conpanv 
Missile  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  Laboratory 
225  Crescent  Street 
Waltham,  Masa. 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50b,  Sunnyvale,  California 
Attn:  Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:   Dr.  W.  C.  Hoffman 

Commareier 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Comnand 

L'jth  Street  and  Constitution  Avenue 

Washington,   D.   C. 

Attn:     Mr.  Ottlng,   SRY 

Westlnghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  7U6 
Baltimore  3,   Maryland 
Attn:     Engineering  Library 
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Wheeler  Laboratories,  Inc. 
122  Cutter  Mill  Road 
Oreat  Neck,  New  York 
Attn:  Mr.  Harold  A,  Wheeler 

Zenith  Plastics  Co, 
Box  91 

Piardena,  California 
Attn:  Mr.  S.  3.  Oleesky 

Library  Geophysical  Institute 

of  the  University  of  Alaska 

College 

Alaska 

University  of  California 

Berkeley  Ij,  California 

Attni  Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec,  Eng,  Electronics 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  U,  California 

Attn:   J.  R,  Whinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
LiROO  Oak  Orove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Newlan 

California  Institute  of  Technology 
1201  E,  Callfor-nia  Street 
Pasadena,  California 
Attn:  Dr.  C,  Papas 

Carnegie  Institute  of  Technology, 
Schenley  Park 

Pittsburgh  13,  Pennsylvania 
Attn:   Prof.  A.  E.  Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Prof.  G.  C.  Daljnan 

I'niversity  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:   Prof.  K.  H.  Latour,  Library 

Lib-^ary 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,  Georgia 

Attn:  Mrs.  J.H.  Crosland,  Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Librarv,  303A  Pierce  Hall 

Oxford  Street,  Cambridge  3^^,  Mass. 

Attn:  Mrs.  E.L.  Hufschmidt,  Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  3^,  Mass, 
Attn:  Dr.  Fred  L.  Whipple 

University  of  Illinois 
Documents  Division  Library 
Urbana,  Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,  Illinois 

Attn:  Dr.  P.  E.  Moyes,  Department  of 
Electrical  Engineering 

Tim   Johns  Hopkins  University 
Homewood  Campus 
Department  of  Physics 
Baltimore  18,  Maryland 
Attn:  Dr,  Donald  E.  Kerr 

Sandia  Corporation 
Attn:  Organization  lfi23 
Sandia  Base 
Albuouerque,  New  Mexico 


Applied  Physics  Laboratory 
The  JohfJSHopkina  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  Mr.  George  L.  Selelstad 

Massachusetts  Institute  of  Technology 

Research  Laboratory  of  Electronics 

Room  20B-221 

Cambridge  39,    Massachusetts 

Attn:      John  H.    Hevfitt 

Massachusetts   Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Mass. 

Attn:  Document  Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:   J.  A,  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:   Prof.  K.  M.  Siegel 
912  N.  Main  St., 
Ann  Arbor,  Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsllantl,  Michigan 
Attn:  Librarian 

University  of  Minnesota 

Minneapolis  lU,  Minnesota 

Attn:  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:   R.  E.  Beam 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:   Dr.  T.E.  Tice 

Dept,  of  Elec.  Engineering 

The  University  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attni   Prof.  C.  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  York 

Attn:  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
5?  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A.  E,  Laemmel 

Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec,  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr,  John  R,  Gerhardt 
Assistant  Director 

The  University  of  Texas 

Defense  Research  Laboratory 

Austin,  Texas 

Attn:  Claude  W,  Horton,  Physics  Library 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

Attn:  Prof,  G.  Sinclair 


Lowell  Technological  Institute 
Research  Foundation 
P.  0.  Box  709,  Lowell,  Mass. 
Attn:   Dr.  Charles  R.  Mingins 

University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5»  Washington 

Attn:  G.  Held,  Associate  Professor 

Stanford  University 
Stanford,  California 
Attn:  Dr.  Chodorow 

Microwave  Laboratory 

Physical  Science  Laboratory 

New  Mexico  College  of  Agriculture 

and  Mechanic  Arts 

State  College,  New  Mexico 

Attn:  Mr.  H.  W.  Haas 

Brown  University 
Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr,  C.  M,  Angulo 

Case  Institute  of  Technology 

Cleveland,  Ohio 

Attn:  Prof,  3.  Seeley 

Columbia  University 

Department  of  Electrical  Engineering 

Momingside  Heights 

New  York,  N.  Y, 

Htn:   Dr.  Schlesinger 

McGlll  University 

Montreal,  Canada 

Attn:   Prof.  G.  A.  Woonton 

Director,  The  Eaton  Electronics 

Research  Lab. 

Purdue  University 

Department  of  Electrical  Engineering 

Lafayette,  Indiana 

Attn:  Dr,  Schultz 

The  Pennsylvania  State  University 
Department  of  Electrical  Engineering 
University  Park,  Pennsylvania 

University  of  Pennsylvania 

Institute  of  Cooperative  Research 

3liOO  Walnut  Street 

Philadelphia,  Pennsylvania 

Attn:  Dept.  of  Electrical  Engineering 

University  of  Tennessee 
Ferris  Hall 

W.  Cumberland  Avenue 

Knoxville  16,  Tennessee 

University  of  Wisconsin 
Department  of  Electrical  Engineering 
Madison,  Wisconsin 
Attn:  Dr.  Scheibe 

University  of  Seattle 

Department  of  Electrical  Engineering 

Seattle,  Washington 

Attn:   Dr.  D.  K.  Reynolds 

Wayne  University 

Detroit,  Michigan 

Attn:   Prof.  A.  F.  Stevenson 

Electronics  Research  Laboratory 
Illinois  Institute  of  Technology 
3300  So,  Federal  Street 
Chicago  16,  Illinois 
Attn:  Dr.  Lester  C,  Peach 
Research  Engineer 

Advisory  Group  on  Electronic  Parts 

Room  103 

Moore  School  Building 

200  South  33rd  Street 

Philadelphia  b,  Pennsylvania 
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Ionosphere  Research  Laboratory 

Pennsvlvania  State  College 

State  College,  Pennsylvania 

fTMi  Professor  A.  H.  Waynlck,  Director 


(3) 


Institute  of  Matherriatical  Sciences 
2^  Waverly  Place 
New  York  3,    Vow  York 
ATTN  I     Lihrarian 

Electronics  Division 
Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
ATTN:  Dr.  Robert  Kalaba 

National  Bureau  oT   Standaris 

Washington,  D.  C. 

ATTNt  Dr.  W.  K.   Saunders 


Applied  Mathematics  and  Statistics  Lah. 

Stanford  University 

Stanford,  (ilifom'la 

ATTN:  Dr.  Albert  H.  Bowker 

Department  of  Physics  and  Astr  nomy 
Michigan  State  College 
East  Lansing,  Michigan 
ATTNt  Dr.  A.  Leitnar 

Unlversit"  of  Tennessee 
Knoxvllle,  Tennessee 
ATTN:  Dr.  Frel  A.  Flcken 

Lebanon  Val ley  College 
Annvllle,  Pennsylvania 
ATTN:  Professor  B.H.  Bissinger 

General  Atomic 

P.  0.  Box  608 

San  Diego  12  California 

^ttn ;   Dr.  Edward  Oerjuoy 

Department  of  Physics 
Amherst  Collage 
Amherst,  Mass. 
ATTN:  Dr.  Arnold  Arons 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 
ATTN:  Dr.  A.  Erdelyl 

Mathematics  Department 

Stanford  University 
Stanford,  California 
ATTN:  Dr.  Harold  Levins 

University  of  Minnesota 

Mlnnpapolls  I'l,  Minnesota 

ATTN:   Professor  Paul  C.  Rosenbloom 

Department  of  Mathematics 

Stanford  University 

Stanford,  California 

ATTN:   Professor  Bernard  Epstein 

Applied  Physics  Laboratory 
The  JohnP  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
ATTN:  Dr.  B.  S.  Gourary 

(2)Exchange  and  Gift  Division 
The  Library  of  Congress 
Washington  25,  D.  C. 

Electrical  Engineering  Department 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Mass. 
ATTN:  Dr.  L.  J.  Chu 

Nuclear  Developnent  Associates,    Inc. 

5  New  Street 

White  Plains,  New  York 

ATTN:  Library 

California  Institute  of  Technology 
Electrical  Engineering 
Pasadena,  California 
ATTN:  Dr.  Zohrab  A.  Kaprlellan 


Dr.  Rodman  Doll 
311  W.  Cross  Street 
Ypsilanti,  Michigan 

California  Inst,  nf  Technology 
Pasadena,  California 
ATTN:  Mr.  Calvin  Wilcox 

Mr.  Robert  Brockhurst 

Woods  Hole  Oceanographic  Institute 

Woods  Hole,  Mass. 

National  Bureau  of  Standards 
Boulder,  Colorado 
ATTN:  Dr.  R.  Oallet 

Dr.  Solomon  L.  Sohwebel 

3689  Louis  Road 

Palo  Alto,  Salifomia 

University  of  Minnesota 
The  University  of  Library 
Minneapolis  lb,  Minnesota 
ATTN:  Exchange  Division 

Department  of  Mathematics 
University  of  California 
Berkelev,   California 
ATT'J:      ProfeS--or  Bernard  Friednan 

Lincoln  Laboratory 

Massachusetts  Institute  of  Technolngy 

P.  0.  Box  73 

Lexington  73,  Massachusetts 

ATTN:  Dr.  Shou  Chin  Wang,  Room  C-351 

Melpar,  Inc., 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

ATTN:  Mr.  K.  S.  Kelleher,  Section  Head 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Kanscom  Field 

Bedford,  Mass. 

ATTM:     Mr.  Francis  J.  Zucker,   CRRD 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Dr.  Philip  Newman,  CRRK 

Mr.  N.  C.  Gerson 

Trapelo  Road 

South  Lincoln,   Mass. 

Dr.   Richard  B.  Barrar 
Systems  Development  Corp. 
2li00  Colorado  Avenue 
Santa  Monica,  California 

Columbia  University  Hudson  Laboratories 
P.O.  Box  235 

11:5  Palisade  Street,  Dobbs  Ferry,  N.  Y. 
ATTN:  Dr.  N.  W.  Johnson 

Institute  of  Fluid  Dynamics 
and  Applied  Mathematics 
University  of  Marvland 
College  Park,  Maryland 
ATTN:  Dr.  Elliott  Montroll 

Department  of  Electrical  Engineering 

Washington  University 

Saint  Louis  5,   Mo. 

ATTN:   Professor  J.  Van  Bladel 

Department  of  the  Navy 

Office  of  Naval  Research  Branch  Office 

1030  E.  Green  Street 

Pasadena  1,  California 

Brandels  University 
Waltham,  Mass. 
ATTN:  Library 


General  Electric  Company 
MictowavQ  Laboratory 
Electronics  Division 
Stanford  Industrial  Park 
Palo  Alto,  California 
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